The purpose of this study was to compare types of maternal auditory-visual input about word referents available to children with cochlear implants, children with normal hearing matched for age, and children with normal hearing matched for vocabulary size. Although other works have considered the acoustic qualities of maternal input provided to children with cochlear implants, this study is the first to consider auditory-visual maternal input provided to children with cochlear implants.
INTRODUCTION
Vocabulary knowledge is critical to academic achievement. Vocabulary deficits can affect academic, cognitive, and professional outcomes (Marchman & Fernald 2008) . Despite advances in amplification technology and improvement in overall language proficiency over the past 3 decades, children with hearing loss continue to exhibit low vocabulary knowledge (Waltzman et al. 2002) . Children with cochlear implants generally have smaller lexicons than their same-age peers with normal hearing (for a review, see Ganek et al. 2012) . They appear to add words to their lexicons at a slower rate than peers matched for language level (Nott et al. 2009; Ganek et al. 2012 ) resulting in a widening vocabulary gap between children with cochlear implants and children with normal hearing. Deficits in rapid word learning may contribute to deficits in vocabulary knowledge. Children with cochlear implants learn fewer novel words in rapid word-learning tasks as compared to their peers with normal hearing (Tomblin et al. 2007 ). To address these vocabulary limitations, professionals must consider possible differences in input provided to children with and without cochlear implants. The purpose of this study was to compare maternal auditory and visual cues about word referents available to children with cochlear implants and children with normal hearing matched for chronological age and matched for vocabulary level.
Rapid Word-learning Performance in Children With Cochlear Implants
To add a new word to one's lexicon, one must rapidly connect a novel word and its referent (i.e., disambiguation) using cues from the linguistic and nonlinguistic environment (Heibeck & Markman 1987) . Typical language learners are able to do this quickly and seamlessly. These rapid word-learning abilities are evident in children as young as 13 months of age (Houston-Price et al. 2005) . Typically developing young children can learn a word (i.e., add it to the lexicon) with as few as three exposures to that new word (Woodward et al. 1994) . Between the ages of 12 and 36 months, children's rapid word-learning abilities improve, perhaps as a result of cognitive development, experience learning new words, or both (Woodward et al. 1994) . Improved word-learning ability may account for some of the "vocabulary explosion" or rapid vocabulary growth observed between 1 and 3 years of age (Woodward et al. 1994) .
In experimental rapid word-learning tasks, children with cochlear implants as a group perform more poorly than children of the same age with normal hearing. Tomblin et al. (2007) found that children with cochlear implants (n = 14) between the ages of 2 and 5 years learned fewer words receptively and expressively in a rapid word-learning task than children with normal hearing (n = 14; d = 0.99). Houston et al. (2012) found that even children implanted before age 2 years (n = 25, age at test ranged from 22 to 40 months) did not learn as many words as children with normal hearing matched for chronological age (n = 23; group means not reported). Word-learning performances could 230 LUND AND SCHUELE / EAR & HEARING, VOL. 36, NO. 2, [229] [230] [231] [232] [233] [234] [235] [236] [237] [238] be influenced by characteristics of individual children (e.g., listening experience) as well as characteristics of environmental input. However, child-level factors affecting rapid word learning (e.g., age at implantation, speech perception) may be difficult or impossible to change. Because environmental factors are more amenable to manipulation, investigators must explore the role of input on the rapid word-learning performance of children with cochlear implants to inform intervention.
Environmental Input and Word Learning
Adult input to children can support the development of linguistic knowledge. Adults instinctively provide children information through child-directed speech as well as child-directed action in ways that facilitate language learning. Parents tend to provide auditory and visual cues simultaneously. This "multimodal motherese" plays a role in recruiting and directing child attention. The provision of redundant information, as via both auditory and visual channels, clearly focuses the attention of even very young children on salient characteristics of a learning incident (Gogate & Bahrick 1998) . Combinations of cues across multiple sensory channels may, in fact, recruit selective attention and facilitate early learning more so than provision of unimodal cues (e.g., only auditory or only visual).
In the "Intersensory Redundancy Hypothesis," Bahrick et al. (2004) state that intersensory redundancy "promotes detection of salient information, causing the redundant stimulus to become foreground and [other stimuli] background," thus facilitating selective attention (p. 100). If true, multimodal cues should recruit and hold the attention of children better than cues provided in isolation (unimodal cues). As a result, children are more likely to attend to and benefit from multimodal rather than unimodal input (Bahrick & Lickliter 2000; Bahrick et al. 2002) .
If children can selectively attend to redundancy present across linguistic patterns, they likely will begin the process of language learning. Gogate and Hollich (2010) proposed that word mapping, or the association of a label with an object, begins with perceiving patterns in redundant relations of sound-object pairings. Children begin learning about basic, consistent sound-referent combinations (e.g., noticing that barking is always associated with dogs) and subsequently begin to pair more arbitrary sound sequences (i.e., words) with objects or actions. Redundancy in maternal cues about referents may direct a child's attention to important linguistic patterns.
If a reciprocal relation exists between multimodal cue provision and child development, changes in multimodal childdirected communication across time may reflect changes in children's abilities to attend to and learn from those cues. Multimodal motherese may serve the purpose of scaffolding child attention in learning contexts and, consequently, help children learn to attend to relevant characteristics of events without as much support from mothers. Mothers of infants, for example, tend to shake objects during labeling events which, in turn, helps the infant to shift attention from the mother to the relevant object (Matatyaho & Gogate 2008) . Infants' abilities to switch gaze from mother to object, in turn, predicts early labelto-referent mapping abilities (Gogate et al. 2006) . As children get better at mapping words, they may be able to attend to the task without their mother leading them through the steps (e.g., shaking the object to draw attention).
When adults provide auditory and visual cues to children, those cues can be provided in a number of ways. First, children can receive auditory and visual information that converges to indicate a single referent-a converging cue, such as shaking an object while labeling it or looking at an object while labeling it. Second, children can receive auditory and visual information that diverges to indicate multiple possible referents-a diverging cue, such as talking about one object while holding another or talking about an object and then, later in the interaction, picking up the object. Third, children can receive information via only one sense-an auditory-only cue, such as labeling an object that is out of the room or labeling a still object that is not referenced visually. Converging cues are generally considered more useful for directing infant attention than diverging or auditory-only cues (Gogate et al. 2000) .
Multimodal child-directed communication changes as children develop. Gogate et al. (2000) assessed the timing of mothers' auditory and visual cues during labeling events to children 5 to 8 months old, 9 to 17 months old, and 21 to 30 months old.
Mothers were asked to explicitly teach novel nouns and verbs to their children. Gogate et al. found that regardless of child age, mothers overwhelmingly provided converging, synchronous cues as compared to other cue types. However, mothers of the 9-to 17-month-old group and the 21-to 30-month-old group provided a higher proportion of diverging cues than mothers of the 5-to 8-month-old group (d = 1.33).
Mothers may intuitively match their communication to suit their child's perceptual and consequent lexical development needs (Gogate et al. 2001) . At the outset of lexical learning, as children begin to benefit from converging auditory and visual information, mothers provide many overt multimodal cues. As children establish the ability to initiate and sustain joint attention, mothers provide fewer converging (and more diverging) cues (Gogate et al. 2000) . It is possible that this shift from converging to diverging cues occurs because the provision of converging cues requires parents to be very directive in interactions with their children (i.e., always visually emphasizing those things they label). As children are better able to take advantage of linguistic knowledge (e.g., use syntax to determine a word referent), parents can begin to introduce and discuss new concepts with their children without being overtly directive.
Maternal Input to Children With Cochlear Implants
Children with cochlear implants begin learning spoken language at a later age than their normal-hearing peers. Current FDA-labeled indications do not support cochlear implantation under the age of 12 months. Before implantation, many children with cochlear implants exhibit age-appropriate nonverbal skills despite a lack of linguistic knowledge (Geers et al. 2003 ). Parents of a child who looks and acts like a 3-year-old (at least nonlinguistically), for example, may find it difficult to use language and cues more appropriate for a typically developing, normal-hearing 12-month-old (i.e., potential linguistic level of newly implanted child). If so, maternal input might be influenced more by a child's nonverbal capabilities than his or her linguistic level. Auditory and visual cues, and the manner in which they are provided, may affect the rapid word learning of children with cochlear implants.
However, it is plausible that mothers of children with cochlear implants match their language input to a child's linguistic level, rather than his or her nonverbal capabilities. Mothers of children with cochlear implants tend to provide auditory cues to their children consistent with the widely recognized characteristics of child-directed speech (e.g., high pitch, short utterances, and long pauses; Bergeson et al. 2006; Kondaurova & Bergeson 2011) . Mothers of children with Down syndrome provide a rate of utterances per minute consistent with a child's language level rather than his or her chronological age (Zampini et al. 2012 ). Very few studies, however, have considered the provision of multimodal cues to children with differing cognitive and linguistic abilities. For example, literature to date does not describe the provision of child-directed actions to children with cochlear implants. To consider characteristics of child-directed actions as possible sources of information to influence rapid word learning, additional investigations of children with hearing loss must be conducted.
Visual cues are important for directing the attention of children with hearing loss. Koester et al. (1998) compared the tactile, visual, and vocal cues used by deaf and hearing mothers to gain the attention of 9-month-old, preverbal infants with varying degrees of hearing loss. Visual strategies were the most successful in refocusing the attention of hearing and deaf infants. Hearing mothers, however, provided fewer visual cues to children than deaf mothers, regardless of child hearing status. The same pattern of performance in maternal interactions was demonstrated with a group of 18-month-old children with and without hearing loss (Koester et al. 1998) . The majority of children with hearing loss are born to parents who have normal hearing (Mitchell & Karchmer 2004) . Further investigation of the timing of combined auditory and visual cues available to children with cochlear implants, particularly those born to parents with normal hearing, is warranted.
The present study compared the environmental input to children with and without cochlear implants. Specifically, this study examined maternal auditory and visual cues about word referents available to children with cochlear implants as compared to those available to children with normal hearing matched for chronological age and children with normal hearing matched for vocabulary level. If mothers can direct their auditory and visual cues to increase the salience of a relevant object in word-learning contexts, they should be able to facilitate their children's language growth. Children in the earliest stages of language learning (i.e., children with fewer than 50 vocabulary words) may benefit most from clear, converging cues that unambiguously direct their attention to the referent of a label. Children in later stages of language learning, on the other hand, may be able to determine word referents using their knowledge of linguistic structure and regularities, with less need for an adult to direct their attention. Thus, identification of differences in input to children with and without cochlear implants represents a first step toward determining if deficits of children with cochlear implants are partially attributable to differences in the word-learning environment.
Three research questions were addressed: (a) Do mothers of children with cochlear implants provide a higher percentage of converging cues to children with cochlear implants than parents of children with normal hearing matched for age level, but not children matched for vocabulary level? (b) Do mothers of children with cochlear implants provide a lower percentage of diverging cues to children with cochlear implants than parents of children with normal hearing matched for age level, but not children matched for vocabulary level? and (c) Do mothers of children with cochlear implants provide a lower percentage of auditory-only cues to children with cochlear implants than parents of children with normal hearing matched for age level, but not children matched for vocabulary level?
MATERIALS AND METHODS
The study protocol and procedures were approved by the Vanderbilt University Institutional Review Board.
Participants
Participants included 30 mother-child dyads from three groups: a cochlear implant group (n = 10), an age-matched group (n = 10), and a vocabulary-matched group (n = 10). All participants came from English-speaking families, with families of children with hearing loss committed to developing listening and spoken language skills (not sign language). Maternal education level varied freely across the participant pool and was used as a covariate in analysis (see Table 1 for a summary of group characteristics).
Dyads in the cochlear implant group were recruited from the National Center for Childhood Deafness and Family Communication at Vanderbilt University Medical Center. All dyads included a child with at least one cochlear implant device, who had a diagnosis of severe to profound, bilateral hearing loss as measured by auditory brainstem response as well as behavioral audiometry. Each mother reported that her child had no useable access to sound before receiving a cochlear implant. Although pre-implant aided sound-field thresholds were not available for all participants, the expressive vocabulary inclusionary criteria supports the assumption that children in this study did not have sufficient access to sound to begin developing oral linguistic knowledge preimplantation. Children demonstrated soundfield thresholds of at least 30 dB HL for 500 through 4000 Hz wearing a cochlear implant. Children did not have additional diagnoses known to affect cognitive and/or language development (e.g., Down syndrome) or significant visual impairment. The mean age of children in the cochlear implant group was 23 months (SD = 9.40 months, range = 16 to 43 months). Average duration of time using a cochlear implant was 5.5 months (SD = 3.21 months, range = 2 to 11 months). All children were currently enrolled in speech-language therapy services.
To identify environmental input differences between children with and without cochlear implants within a developmental period when auditory-visual cue combinations matter most, this study focused on very early word learning. Thus, children with cochlear implants were eligible to participate in this study if they had an expressive vocabulary of less than 50 words (M = 14.50 words; SD = 23.24 words, range = 0 to 49 words) as measured by the MacArthur Bates Communicative Development Inventory-Words and Sentences (CDI; Fenson et al. 2006) . Parents also completed the LittlEars Auditory Questionnaire to describe their child's auditory function (Kühn-Inacker et al. 2004 ). This questionnaire requires parents to answer 35 "yes/no" questions about their child's responses to environmental sounds (see Table 2 for child-specific information). Dyads in the age-matched and vocabulary-matched groups were recruited via advertisement, research recruitment networks, local area preschools, and local area music programs. Participants in these groups demonstrated normal hearing per parent report. Each child in the age-matched group was within 3 months of age of a child in the cochlear implant group (M = 24.10 months; SD = 9.49 months; range = 15 to 43 months). Children in the vocabulary-matched group had an expressive vocabulary of less than 50 words (M = 10.40 words; SD = 9.15 words; range = 0 to 32 words). Expressive vocabulary was selected as the vocabulary-matching variable over receptive vocabulary because parent report measures of expressive vocabulary correspond more closely to child performance than measures of receptive vocabulary (Ring & Fenson 2000) . Average child age in the vocabulary-matched group was 13.5 months (SD = 4.01 months; range = 9 to 18 months). Mothers of children with normal hearing completed the Ages and Stages Questionnaire to confirm their child's status as a typical language learner (Squires & Bricker 2009 ). Every participant in the age-and vocabulary-matched groups performed above the referral cutoff in the Communication Skills and Problem Solving sections of the Ages and Stages Questionnaire.
Mothers in all three groups completed the MacArthur Bates Communicative Development Inventory-Words and Sentences (CDI; Fenson et al. 2006 ). This measure was included for descriptive purposes; it was not included as a variable within this study (see Table 3 for group results).
Procedures
One objective of this study was to observe ecologically valid mother-child interactions. Mealtime routines were selected for data collection because they provide equal opportunity for mother-child interactions across groups of participants. Children with cochlear implants do not always wear their devices during other opportunities for mother-child interactions (e.g., getting dressed, bath time, riding in the car). In addition, families of low socioeconomic status do not always incorporate set-aside play times in their daily routines (Brice-Heath 1996) . Thus, mealtime provides opportunity for familiar interaction regardless of socioeconomic status and in which children with cochlear implants are likely to wear their devices.
Mother-child dyads were video-recorded during two mealtime interactions in participants' home environments on two separate days within a 14-day period. The first author was the observer in all interactions; she did not actively participate in the interactions. Two cameras captured the interaction: One following the mother's face and torso and an additional stationary video camera capturing the face and torso of the child. Children were seated in a highchair or a booster seat throughout the interactions, and mothers were free to move around as necessary. Each mealtime interaction was recorded from the point the mother began feeding the child to the natural end of the meal (usually indicated by the mother asking her child if he/she was finished). Each mother was asked to interact with her child as she typically would during mealtime. Although other people were not routinely present during mealtimes, additional family members (e.g., fathers, siblings) did occasionally enter and exit the interaction. Average mealtime duration was 27.4 min (SD = 12.39; range = 11.2 to 48.5 min).
The observer provided the same six objects (heretofore called "novel objects") for the mother to include in each mealtime interaction. These objects were new to the children (as confirmed by the mother before beginning the mealtime interaction). The observer named each novel object for the mother, and the name of the item was written on the object (novel names included "blicket," "dax," "arge," "chi," "runker," and "gow"). The same novel objects were used in each interaction. Mothers were given the following information and instructions before each mealtime interaction: "One of the things I am interested in seeing is how children respond to new objects. I want you to use these things in your mealtime. The names of these things are written on the items. They are called blicket, dax, arge, chi, runker, and gow." Mothers were not given other instructions regarding the items. Number of exposures to each novel object was not controlled. These novel objects were included to ensure that new words were used in the interaction in the unlikely event that mothers did not discuss other nouns unknown to the child. Inclusion of the novel objects may have prompted mothers to label these objects more than they would label other objects. Follow-up analyses addressed mothers' converging referential cues specific to novel objects to determine if response patterns differed for references to novel objects versus all unknown nouns in the interaction.
Data Preparation
Maternal utterances for each interaction were orthographically transcribed using Systematic Analysis of Language Transcripts conventions (SALT; Miller & Iglesias 2010) . For each dyad, one transcript file included both interaction transcripts. All nouns within the transcript, including proper nouns (e.g., dad's name), object names (e.g., spoon) and abstract nouns (e.g., dream) from maternal utterances were identified and coded by the first author. The SALT program then generated an alphabetical listing of all transcript nouns. Within 2 days of the second interaction, the first author presented the list of nouns to the mother and asked her to identify the nouns she believed her child understood. The authors chose to ask mothers to identify nouns she believed her child understood (child's receptive knowledge) rather than said (child's expressive knowledge) because mothers' beliefs about understanding were likely to affect their actions. This procedure allowed the research team to consider auditory and visual cues for all unknown nouns presented during the interactions, not only those related to novel (and unusual) objects.
Having identified all unknown nouns (including novel object names) in the mealtime interactions, the first author viewed videos to code referential cues for each unknown noun token (e.g., for converging cue mother points to labeled object; coding manual available upon request). Only those unknown nouns presented in utterances considered child-directed (i.e., not those included in utterances to the examiner or to other people present at any time in the video) were coded.
The authors generated a coding manual for this study based on coding procedures used in similar studies of children with normal hearing (e.g., Gogate et al. 2000) . All referential cues for unknown nouns in child-directed utterances were coded as converging, diverging, auditory-only or other, a category that included events that could not be coded due to camera angle. Cue codes were considered mutually exclusive (i.e., a cue could not be coded as both converging and diverging).
In the context of this study, converging cues refer to those cues thought to provide maximal amounts of information to children about word referents. Diverging cues are those that may provide ambiguous information about word referents, and auditory-only cues include those that provide a label with no referent. To identify behaviors consistent with the broad categories of converging, diverging, or auditory-only cues, the authors identified detailed behaviors described in other studies of multimodal child-directed speech (Table 4) . Gogate et al. (2000) have identified synchronous cues, or cues provided together temporally (within <150 msec) to direct attention to the same object (e.g., shaking an object while labeling it), as the most useful cue for word-referent pairings. In this context, visual cues can include acting on an object (e.g., shaking it), pointing to an object (e.g., both distal and proximal points), showing an object to a child, or purposefully directing eye gaze to an object. Although it is possible that these actions provide differing levels of referent information to children, children with normal hearing use each of these actions regularly to establish wordreferent pairings (e.g., Chow et al. 2008; Grassmann & Tomasello 2010) . Similarly, adults provide cues to infants through follow-in labeling, following the infant's direction of attention, directing adult eye gaze to the objects, and naming those objects at which they are looking. If adult visual cues do not conflict with the provision of a label during follow-in labeling incidents, children also establish reference successfully given follow-in labels (e.g., Baldwin 1991) . Because synchronous and followin cues provide unambiguous information about object labels, they were coded as converging cues. (Fenson et al. 2006 ). In some cases, adults overtly provide ambiguous referential cues by providing auditory and visual cues that indicate different referents, thus diverging cues (e.g., talking about one object while holding another, talking about one object while looking at another). In these cases, normal hearing infants tend to mis-map words according to the adult's visual (holding) cue rather than his or her label (Grassmann & Tomasello 2010) . Adults also provide auditory and visual cues at different times (more than 400 msec apart; e.g., labeling an object and then shaking it). These kinds of labeling incidents are considered asynchronous and are more difficult for young children to interpret than those cues described above as converging (Gogate et al. 2000) . In the context of this study, adults did not provide any visual cues that differed temporally from provision of a word label by 150 to 400 msec.
Adults also provide cues by naming static objects (a unimodal cue) at which they are not looking, and objects that are not present in the room. In these scenarios, a child cannot use multimodal cues to identify the referent of an object. Although discussing objects not present in a room (and thus, likely using more rare words) can be generally useful for a child's vocabulary growth, it is likely not useful for children with very low vocabulary knowledge. At minimum, provision of a label without a referent does not direct a child's attention to the same degree as a converging cue, according to the Intersensory Redundancy Hypothesis (Bahrick et al. 2004 ). Thus, both of these types of cues were coded as "auditory-only." It was also possible for adults to provide visual cues unrelated to a referent (for example, waving a hand or mimicking an action). These cues were not coded as visual referential cues for the purposes of this study. Further descriptions of coding decision-making procedures are available in the coding manual developed for this project (available upon request).
Analysis
Using the SALT program, the frequency of converging, diverging, auditory-only, and other cues provided for all unknown nouns (including those nouns referencing novel objects) in child-directed utterances within each transcript was calculated. From the frequency data, the percentage of each type of cue and the percentage of cues provided relative to (a) all unknown nouns and (b) only the novel objects provided by the observer were calculated for each participant dyad. The group means for percentage of three cue types-converging, diverging, and auditory-only-were compared using an analysis of variance. "Other" cues were coded infrequently (an average of less than one time per participant) and thus not compared between groups. Percentage, however, was calculated including "other" cues in the denominator. Group membership (cochlear implant, age matched, or vocabulary matched) represented the between-subjects independent variable and percentages of auditory-only, converging, and diverging cues represented dependent variables. Within the analyses, maternal education level was applied as a covariate. Main effects between groups were analyzed with follow-up linear contrasts.
Reliability
To establish coding reliability, the first author trained a lab assistant (undergraduate linguistics and psychology major) to code naming events using the coding manual. Data were collected from six nonparticipant dyads to provide training practice for the reliability coder (data from these dyads were not included in the final study). The author and lab assistant coded two transcripts together and four additional transcripts separately. Following coding of each transcript, reliability was calculated for the identification of nouns and child-directed utterances and for converging, diverging, auditory-only, and other codes. The author and lab assistant discussed patterns of coding discrepancy before proceeding to code other transcripts. Reliability above 90% for each variable was obtained for each of the final two training transcripts, and the lab assistant was determined to be trained in the coding procedures.
The lab assistant then coded a random selection of 33% of the study samples from each group, and point-by-point coding agreement was calculated. She used the uncoded SALT transcript in conjunction with the video recording. Table 5 displays reliability data. Reliability percentages were sufficiently high to indicate that the first author had accurately captured the children's responses. Thus, the first author's scoring was used for analysis.
RESULTS
This study compared percentages of auditory-visual cue types about word referents provided to children with cochlear implants, children with normal hearing matched for vocabulary size, and children with normal hearing matched for chronological age. Mother-child interactions were videorecorded during mealtime. Each dyad participated in two mealtime observations. Maternal utterances were transcribed and coded for (a) all nouns produced, (b) child-directed utterances, (c) nouns unknown receptively to children, and (d) auditory and visual cues provided about the referents of these unknown nouns. Table 6 provides information about the transcripts obtained for each group. This information includes the mean number of total utterances, mean number of child-directed utterances, mean percent of unknown nouns produced in child-directed utterances, mean length of child-directed utterances, and mean number of different words produced by mothers in childdirected utterances. Average number of total utterances and average number of child-directed utterances did not differ significantly between groups. However, mothers of children in the age-matched group used fewer unknown words as a percentage of total nouns produced than the cochlear implant or vocabularymatched groups (t(18) = 5.11, p < 0.01; t(18) = 5.38, p < 0.01; d = 2.28), presumably because age-matched children had higher receptive lexical knowledge. Consistent with data collected by Bergeson et al. (2006) , mothers of children with cochlear implants had a shorter mean length of utterance than mothers of age-matched children (t(18) = 3.87, p < 0.01; d = 1.73) but a mean length of utterance not statistically different than that of mothers of vocabulary-matched children (t(18) = 1.43, p = 0.17). Mothers of children in the cochlear implant group produced a lower number of different words than mothers of age-matched children (t(18) = 3.13, p < 0.01; d = 1.40) but not vocabulary-matched children (t(18) = 0.40, p = 0.69). The three research questions were addressed with all unknown nouns from the entire transcript of each dyad as the data source. Follow-up analyses were focused on the noun labels for only the novel objects provided to the mothers by the observer, which are subsequently discussed. The first research question addressed whether mothers of children with cochlear implants provided a different percentage of converging auditory and visual cues about unknown nouns than mothers of children matched for chronological age or mothers of children matched for vocabulary size. Percentage of converging cues was entered into an analysis of variance (ANOVA) with group membership (cochlear implant, age matched, or vocabulary matched) as the between-subjects variable. Based on evidence that maternal education is associated with child vocabulary development (e.g., Dollaghan et al. 1999) , years of maternal education was entered as a covariate. Years of maternal education positively correlated significantly with percentage of converging cues (r(28) = 0.42, p = 0.02). The homogeneity of slopes assumptions was not violated as the covariate did not interact significantly with group membership (independent variable). The overall analysis of covariance (ANCOVA) indicated a main effect of group on percentage of converging cues [F(2, 26) = 8.22, p = 0.001]. A follow-up linear contrast using adjusted means indicated that mothers of children with cochlear implants provided a lower percentage of converging cues (M = 68.89, unadjusted SD = 13.59) than mothers of vocabulary-matched children (M = 83.14, unadjusted SD = 11.72; F(1, 26) = 5.54, p = 0.03, d = 1.12). Mothers of children with cochlear implants provided a nonsignificantly different percentage of converging cues compared to mothers of age-matched children (M = 60.66, unadjusted SD = 12.08; F(1, 26) = 1.85, p = 0.19, d = 0.64).
The second research question addressed whether mothers of children with cochlear implants provided a different percentage of diverging auditory and visual cues than mothers of children matched for chronological age and mothers of children matched for vocabulary size. An ANOVA was calculated with percentage of diverging cues as the dependent variable and group membership (cochlear implant, age matched, or vocabulary matched) as the between-subjects independent variable. Years of maternal education was included as a covariate. Years of maternal education negatively correlated significantly with percentage of diverging cues (r(28) = −0.34, p = 0.04). The homogeneity of slopes assumptions was not violated as the covariate did not interact significantly with group membership (independent variable). The ANCOVA yielded a main effect of group [F(2, 26) = 5.97, p = 0.003]. Follow-up linear contrasts using adjusted means revealed that mothers of children with cochlear implants provided a higher percentage of diverging cues (M = 24.55, unadjusted SD = 10.90) than mothers of vocabulary-matched children (M = 10.44, SD = 11.13; F(1, 26) = 8.53, p = 0.007; d = 1.28), but not significantly different from mothers of age-matched children (M = 24.57, SD = 15.15; F(1, 26) = 0.00001, p = 0.99, d = 0.002).
The third research question compared percentage of auditory-only cues provided by mothers of children with cochlear implants to those provided by mothers of children with normal hearing matched for age and matched for vocabulary size. Years of maternal education did not correlate significantly with percentage of auditory-only cues (r(28) = 0.30, p = 0.11). The ANOVA with auditory-only cues as the dependent variable and group membership as a between-subjects variable yielded no main effect of group [F(2, 26) = 1.81, p = 0.17]. The overall pattern of results for all cue types is displayed in Figure 1 .
Further Analyses
Additional analyses were undertaken to explore other potential patterns of maternal input. The primary research questions for this study compared percentage of cues to control for the number of unknown noun tokens presented by mothers. Using a percentage variable (rather than frequency) ensures that group differences are not solely based on the higher vocabulary knowledge of the age-matched group (i.e., mothers of age-matched children use fewer novel noun tokens because these children understand more words than children in other groups). This analysis decision is consistent with other studies of multimodal cues presented to children with normal hearing (e.g., Gogate et al. 2000; Matayaho & Gogate 2008 ). However, it is possible mothers of children with hearing loss and mothers of children with normal hearing (age-matched and vocabulary-matched) present similar frequencies of converging auditory-visual cues.
To assess this possibility, an analysis of cues provided in reference to the six novel objects (dax, blicket, arge, gow, chi, and runker) was undertaken. Only cues for these objects were analyzed to control for the amount of information (novel object labels) that children did not know. Because converging cues are thought to provide the most information to children, they were the only cues analyzed. Frequency of converging cues produced in reference to the novel objects were entered into an ANOVA with group membership (cochlear implant, age-matched or vocabulary-matched) as the between-subjects variable and years of maternal education as a covariate. Years of maternal education correlated significantly with frequency of converging cues (r(28) = 0.45, p = 0.01). The homogeneity of slopes assumptions was not violated as the covariate did not interact significantly with group membership (independent variable). An overall ANCOVA indicated a main effect of group on number of converging cues (F[2, 26] = 3.09, p = 0.045). Additional linear contrasts using adjusted means indicated that mothers of children with cochlear implants provided a lower frequency of converging cues (M = 26.90, unadjusted SD = 24.19 ) than mothers of vocabulary-matched children (M = 46.70, unadjusted SD = 24.05; F[1, 26] = 2.86, p = 0.04, d = 0.82). Mothers of children with cochlear implants provided a frequency of converging cues that was not significantly different from mothers of age-matched children (M = 28.10, SD = 34.74; F[1, 26] = 0.08, p = 0.93, d = 0.04). Figure 2 displays this pattern of results.
DISCUSSION
The purpose of this study was to compare types of maternal auditory-visual input about word referents available to children with cochlear implants as compared to children with normal hearing matched for age and children with normal hearing matched for vocabulary size. The results of this investigation demonstrated that mothers provided auditory-visual input to children with cochlear implants in a way that did not significantly differ from the way that mothers provide auditory-visual input to children matched for chronological age. The input to children with cochlear implants, however, was significantly different than that provided to children matched for vocabulary size.
Given that children with cochlear implants demonstrate slower rates of lexical growth than children with normal hearing, the findings of this study may be a first step toward the identification of environmental factors that affect lexical outcomes for this population. The Intersensory Redundancy Hypothesis predicts that the use of converging cues will direct the attention of children, including children with cochlear implants, more so than diverging cues (Bahrick et al. 2004 ). If mothers can provide auditory and visual cues that increase the salience of relevant word-object pairings in word-learning contexts, they may be able to facilitate the lexical growth of their children. Further, if children with low lexical knowledge (i.e., <50 words in their vocabulary) rely on converging auditory-visual cues to learn words from their environment, access to large numbers of converging cues becomes increasingly important.
Studies of children with normal hearing indicate that converging auditory-visual cues best facilitates learning new words (Gogate et al. 2001) . However, as children develop the ability to make use of increasing lexical and syntactic knowledge, they likely rely less on the simultaneous presentation of auditory and visual cues to determine the meanings of unknown words. In other words, children are better able to use other types of cues (e.g., syntactic cues, asynchronous cue presentations) to learn the meanings of words. As normal hearing children develop, parents shift their provision of primarily converging auditoryvisual cues to provide increasing numbers of diverging as well as auditory-only cues (Gogate et al. 2000) .
Children with cochlear implants present a paradox to parents: they often look and act similar to hearing children of their same chronological age, but they have the lexical knowledge of much younger children (Geers et al. 2003) . Consequently, parents may provide auditory-visual cues about word referents consistent with a child's chronological age or according to they may provide cues consistent with a child's vocabulary size. This study indicates that mothers of children with cochlear implants provide percentages of converging and diverging cues that are similar to the percentages of mothers of children matched for chronological age. Mothers of children matched for vocabulary size, on the other hand, provide a higher percentage of converging auditory-visual cues and lower percentage of diverging cues than mothers of children with cochlear implants. The finding that mothers of children with cochlear implants provide auditory-visual cues ("multimodal motherese") consistent with a child's chronological age and not vocabulary size stands in contrast to findings from studies of unimodal motherese (child-directed speech only). Bergeson et al. (2006) found that mothers provided child-directed acoustic cues to children with cochlear implants in the same way as mothers of children matched for language level. The descriptive statistics about maternal child-directed speech in this study corroborated Bergeson's findings. In the present study sample, mothers of children with cochlear implants used shorter utterances than mothers of children matched for chronological age, but their utterance length was similar to mothers of children matched for vocabulary size.
Two factors may have contributed to mothers' provisions of cues to children with cochlear implants. The first is the child's developmental level. Mothers of children with cochlear implants may be more sensitive to their children's overall developmental level than they are to their children's lexical level when providing visual cues to accompany auditory cues. Studies of children with delayed overall development and delayed lexical development (e.g., children with Down syndrome) may provide insight into child-level characteristics that affect maternal provision of visual cues. Iverson et al. (2006) found that mothers provided more deictic gestures (i.e., gestures that single out an object from other possible referents) to children with Down syndrome than to typically developing children matched for vocabulary size. This finding supports the hypothesis that mothers may provide visual cues according to a child's overall developmental level.
The second factor that may affect mothers' provisions of visual cues is the responsiveness of the child. Mothers of children with language delays not associated with hearing loss (i.e., language-impaired children) provide less linguistic input to children who are less vocally responsive than to children who are more vocally responsive (Paul & Elwood 1991; Girolametto et al. 1999) . It is possible that children with cochlear implants do not solicit visual referential cues from their mothers in the same way that some children with language delays do not solicit linguistic input. Children with normal hearing, on the other hand, may solicit visual cues about word referents when they have a low vocabulary level. Further research should explore the possibility that a child's responsiveness affects the referential cues he or she receives about word referents.
The present study represents an initial and important step toward identification of environmental input differences between children with cochlear implants and children with normal hearing that may affect lexical learning outcomes. This work is essential to identify malleable factors to validate interventions that improve child lexical outcomes. Continued child-level and environment-level research is warranted. At the child-level, the next step is to evaluate the extent to which children with cochlear implants make use of converging and diverging cues during word-learning opportunities. This information will help professionals determine the importance of auditory-visual cue provision to lexical growth in children with cochlear implants. At the level of the environment, next steps may consider (a) the nature of cue provision throughout the day, (b) the nature of cue provision as children age, and (c) the development and implementation of parent training.
This study is among the first to consider visual as well as auditory input provided to children with cochlear implants in the context of a daily routine. The author chose to use a routine, mealtime, which is generally structured similarly across families. A structured measurement scenario may be more representative of the generalized tendency to provide referential cues to children than a less structured scenario, such as free play. Additionally, the authors chose to analyze data from two observations, as opposed to only one. Using data from more than one observation is likely to result in a more stable estimate of mothers' referential behaviors than a single observation (Yoder & Symons 2010) . However, analyzing data from only mealtimes represents a potential weakness. If maternal referential cues to children vary based on daily routine context, the results of this study are only representative of information provided to children during mealtimes.
Mealtime, although ideal for the initial stages of this line of inquiry, also may over-estimate the number of cues about new word referents available to all children throughout the day. Because mealtime usually involves stationary participants, mothers are able to coordinate the visual cues they provide to their children in a way they may not be able to during other routines (e.g., playing outside). Thus, it is possible that children with cochlear implants receive even fewer converging auditory-visual cues about word referents than suggested by this work. Future studies should examine the provision of auditory and visual cues to children with and without cochlear implants throughout the course of the day.
It is also possible that mothers of children with cochlear implants change their provision of converging versus diverging and auditory-only cues as their children age. The discrepancy between the language knowledge and developmental level of many children with cochlear implants may change as children use their implant more often, thus affecting the ways in which mothers provide information to their children. Future work should consider the ways in which mothers provide auditory and visual cues about word referents to children with varying amounts of cochlear implant experience.
Another future direction of this study could include parent training. If increasing the number of converging cues presented to children with cochlear implants may improve their vocabulary knowledge, mothers could learn to increase their provision of converging cues during word-learning opportunities. Future studies should evaluate the development and efficacy of parent trainings related to auditory-visual cue provision.
Additional strengths and weaknesses of this study should be considered in the interpretation of these results. The etiologies of children with hearing loss are widely varied. Although sample size for this study was large enough to capture group differences in cue provision, the group of children with cochlear implants was not completely representative of all children with hearing loss. More work should be done to determine if this finding holds for children with varying degrees of auditory experience (e.g., children who use hearing aids). The stringent inclusionary criteria for this study do not allow the author to draw conclusions about the general population of children with hearing loss or children who have used cochlear implants for a longer period of time. For this initial study, it was important to use a narrowly defined subset of children with hearing loss to identify differences in parent input related to tightly controlled child characteristics. However, a limitation of the present study included that the authors did not have access to exact preimplant aided sound-field thresholds for every participant. It is possible that parents did not understand that their children had some useable access to sound pre-implant. Access to sound may have, in turn, affected participants' responsiveness during communicative interactions. Future works should quantitatively measure residual hearing preimplantation to control for this limitation.
